Background: Mode of delivery at first childbirth largely determines mode of deliv-
of the short-and long-term complications that result from cesarean delivery-such as higher rates of maternal and neonatal morbidity resulting from the index cesarean, and higher rates of complications in subsequent pregnancies-including abnormal placentation, uterine rupture, and stillbirth. [2] [3] [4] [5] [6] [7] Because labor induction has been associated with increased risk of cesarean delivery, a particular focus of this workshop was on ways to reduce the rate of labor induction, which has more than doubled in the United States since 1990, when the induction rate was 9.6% to 23.3% in 2012. 8 Numerous studies comparing women whose labor is induced to those who begin labor spontaneously have reported higher cesarean delivery rates among women who undergo labor induction, in most cases nearly double the risk of cesarean delivery. [9] [10] [11] [12] [13] [14] [15] In addition, nulliparous women who are induced are much more likely to have cesarean delivery than induced multiparous women who have had a previous vaginal delivery. 14, 16, 17 What remains unclear is the extent to which the increased risk of cesarean delivery among induced women is attributable to maternal characteristics and indications for labor induction that lead to the decision to induce labor, or to intrapartum factors that occur more commonly in association with or after labor induction. Recent advancements in mediation analysis provide new tools to investigate underlying mechanisms to explain treatment-outcome associations in observational studies [18] [19] [20] in this case, the labor induction-cesarean delivery association.
The purpose of mediation analysis is to disentangle the pathways that could explain the effect of a treatment on an outcome. Mediating variables occur temporally after the exposure or treatment, or occur more frequently as a consequence of the treatment. 19 Confounding variables are factors that are associated both with the treatment and outcome, but occur before the treatment. Several systematic reviews have noted that a limitation of previous studies of cesarean delivery which compared women who were induced with those who began labor spontaneously was a failure to control for confounding by indication for induction. 21, 22 Maternal characteristics and pregnancy complications that can lead to labor induction overlap considerably with indications for cesarean delivery and thus it is reasonable to hypothesize that these indications for labor induction are the primary drivers of the increased risk of cesarean delivery among women who are induced in comparison to those who begin labor spontaneously. This study set out to address a clinically important question-why nulliparous women who are induced are more likely to undergo cesarean delivery in comparison to nulliparous women who begin labor spontaneously. The association between labor induction and cesarean delivery was investigated by way of nested logistic regression models and mediation analysis 20 to explore the mechanisms by which labor induction increases women's risk of cesarean delivery at first childbirth.
| METHODS
Data in this paper are from the First Baby Study, a prospective, cohort study designed to investigate the association between mode of first delivery and subsequent childbearing. 23 The First Baby Study was approved by the Penn State College of Medicine ethics review board and the ethics review boards of the hospitals and other organizations which supported participant recruitment.
| Participants
The First Baby Study participants were recruited during pregnancy from a variety of settings throughout the State of Pennsylvania, including childbirth education classes, hospital tours, targeted mailings, and on-line and print advertisements. Inclusion criteria were as follows: (1) 
| Measurement
Participants were interviewed in their third trimester (between 30 and 42 weeks' gestation) and again at 1, 6, 12, 18, 24, 30, and 36 months postpartum. The birth certificate and hospital discharge data from the deliveries were also obtained. The survey questions that addressed labor and delivery in the 1-month interview were adapted from the Listening to Mothers Surveys. 24 The primary independent variable in this study was labor induction and the primary outcome was cesarean delivery, among women attempting vaginal delivery. Women who underwent a scheduled cesarean (n=155) were not included in these analyses, leaving an analytic sample of 2851 women. As is common in the United States, women with a fetus in breech position at term underwent planned cesarean delivery and therefore were not included in this study. Women were asked if they were in labor when they went to the hospital to have their baby and "Did a doctor or nurse in the hospital try to cause your labor to BEGIN by the use of drugs or some other technique?" Women who answered "no" to the first question and "yes" to the second question were classified as undergoing labor induction. Participants who reported one or more cervical ripening procedures before hospital admission were also classified as having been induced. If neither the hospital discharge data nor the birth certificate data identified any of the seven categories of induction indications, we investigated maternal self-report to determine if there were indications that the records had missed. In the 1-month postpartum interview, the participants were asked "Why did a doctor or nurse in the hospital try to make your labor begin?" If the mother reported that her water had broken, it was classified as prelabor or premature rupture of membranes. If the mother reported that the baby was not doing well and needed to be born soon, it was classified as fetal compromise. If the mother reported that she had too little or too much amniotic fluid (or variations along those lines), it was classified as hydramnios or oligohydramnios. Some of the women reported that they were induced because they had specific conditions, such as lupus-these were categorized as other maternal medical conditions. Seven intrapartum factors were investigated: cervical dilation at hospital admission, labor augmentation, use of epidural analgesia, dysfunctional labor, dystocia, fetal intolerance of labor, and maternal request of cesarean during labor. To measure labor augmentation, participants were asked "During your labor and birth, did someone"…"Break your membranes to release amniotic fluid after labor began?" and "Give you Pitocin (pit) to strengthen labor or speed contractions after labor had begun?" Women who answered "yes" to either (or both) of these questions were categorized as having their labor augmented. Participants were also asked "How many centimeters was your cervix dilated when you were first examined after you were admitted to the hospital for delivery?" and to report at what point their contractions became regular and 5 min or less apart (before or after hospital admission). Those who reported that their contractions never did become regular and 5 min or less apart were classified as having dysfunctional labor. Women were also asked "At any point while you were in labor did you specifically request a cesarean delivery?" Dystocia was measured, using the ICD-9-CM diagnostic codes noted in the discharge summary data for obstructed labor (660.0-660.9, except 660.7), abnormality of forces of labor (661.0-661.9, except 661.3), prolonged labor (662.0-662.2), and failed induction (659.0-659.1). These ICD-9 codes have been used in previous studies, 27 ,28 based on evidence of good concordance with medical records. 27 Because there has been concern in recent years as to the validity of measures of fetal intolerance of labor, 29, 30 we compared fetal intolerance of labor codes noted in the hospital discharge data (ICD-9 codes of 656.3 ["fetal distress"] and 659.7 ["abnormality in fetal heart rate or rhythm"]) to the birth certificate measure of fetal intolerance of labor. Based on the ICD-9 codes, there were 653 newborns with a code for fetal intolerance of labor and 371 reported in the birth certificate data. While the fetal intolerance of labor measure in the birth certificate data was positively and significantly associated with assisted ventilation of the newborn, NICU admission, newborn hospital length of stay, maternal reported newborn complications, and unplanned cesarean delivery, the ICD-9 code measure exhibited little concordance with these variables, and in fact was slightly inversely associated with unplanned cesarean delivery. The birth certificate data measure of fetal intolerance of labor exhibited superior construct validity in comparison to the ICD-9 code measure. Therefore, we used the birth certificate measure of fetal intolerance of labor rather than the ICD-9 code measure.
| Analysis
Chi-square analyses were used to measure the bivariate associations between the maternal and newborn characteristics, indications for induction, and intrapartum factors in relation to labor induction and mode of delivery (vaginal or cesarean). Instrumental deliveries were combined with spontaneous vaginal deliveries for these analyses because of small numbers of instrumental deliveries. Multivariable logistic regression was used to model the association between labor induction and cesarean delivery in four stages. We combined categories among the confounders wherever possible to eliminate small sample sizes in cells and to increase statistical power and model fit for the regression equations. Mediation analyses were conducted, using the Karlson, Holm, and Breen method. 20, 31 The Karlson, Holm, and Breen method can be used with multiple mediators, multiple confounders, and with categorical or dichotomous confounding and outcome variables. The coefficients produced are not affected by rescaling or attenuation bias. The Karlson, Holm, and Breen program conducts decomposition analysis to estimate the relative contribution of each of the confounding and mediating variables to the association between the independent and dependent variables, 20 in this case, labor induction and cesarean delivery. We used nested logistic regression models and mediation analysis to determine the extent to which the increased risk of cesarean delivery after labor induction could be explained by the confounding variables of maternal characteristics alone (model 2), and then maternal characteristics and the indications for labor induction (model 3), to model the incremental confounding effects of the labor induction indications. In model 4, we added the factors and events (the mediators) that occurred as a consequence of the decision to induce labor (such as low cervical dilatation) or after labor induction but after cesarean delivery, such as increased risk of dystocia. We calculated the variance inflation factor for each predictor to assess multicollinearity. Sensitivity analyses were conducted to evaluate the effects of hospital clustering. We also conducted sensitivity analyses to measure the potential effect of year of delivery (2009, 2010, or 2011) . The results of sensitivity analyses showed that control for hospital clustering and year of delivery had only minor and nonsignificant effects on the regression results. Therefore, these variables were not included in the regression models. Investigation of collinearity among the variables revealed variance inflation factor scores very close to 1.00, indicating little or no collinearity among the variables. All analyses were conducted using Stata Version 14 (StataCorp, College Station, TX, USA).
| RESULTS
Women who were induced were more likely to undergo cesarean delivery than those who began labor spontaneously, regardless of cervical dilation at hospital admission ( Figure 1) . Women who were induced were more likely to deliver by cesarean than women who presented in spontaneous labor overall and within each gestational age category. The risk of cesarean delivery increased from early term to postterm among women who were induced while the risk of cesarean delivery remained stable until postterm among women who began labor spontaneously (Figure 2 ). Insurance coverage and marital status were not associated with labor induction or cesarean delivery (Table 1) , while higher levels of preconception body mass index, pregnancy weight gain, newborn birthweight, and gestational age were associated with increased likelihood of both labor induction and cesarean delivery.
The induction indications of hypertension, diabetes, other maternal medical conditions, and hydramnios or oligohydramnios were associated both with induction and cesarean delivery ( Table 2 ). Among the women undergoing labor induction, there were 124 (12.7%) who had none of the 7 indications for labor induction. Among these 124 women, 72 reported that they were induced because the baby was overdue (0-6 days overdue), 33 said there were concerns about the size of the baby (although none of these 33 women delivered macrosomic newborns), 8 said they wanted to get the pregnancy over with or to control the timing of the delivery, 5 reported maternal discomfort, 3 reported placental problems, and 3 reported no reason (not shown in a table). Among the 1542 women who were found to have at least one of the 7 indications for induction, slightly more than half were induced (55.32%) (not shown in a table). All of the intrapartum factors seen in Table 3 were associated with both labor induction and cesarean delivery. Women who underwent labor induction, with or without oxytocin, were more likely to deliver by cesarean than women who began labor spontaneously. In addition, women who were induced with oxytocin were more likely to be augmented with oxytocin (76.9%) than women who were induced without oxytocin (19.2%) and women who presented in spontaneous labor (50.5%) (not shown in a table). Overall, 69.0% of women who were induced were also augmented with oxytocin in comparison to 50.5% of the women who were not induced (not shown in a table). Women who were induced were more likely to receive epidural analgesia (92.3%) than those who began labor T A B L E 1 (Continued) spontaneously (84.1%), and women who received epidural analgesia were more likely to undergo cesarean delivery than those who did not have epidural analgesia. Among those who were 0 centimeters dilated at hospital admission, 78.3% had been admitted for labor induction. More than half of the women who were 0 centimeters dilated at hospital admission had cesarean delivery (52.1%), as seen in Table 3 , and more than half of the 188 women who were induced at 0 centimeters dilation delivered by cesarean (n=101, 53.7%) (not shown in a table). Among the women presenting for labor induction, 20.4% (n=198) were dilated ≥3 centimeters at hospital admission in comparison to 67.3% of the women in spontaneous labor (not shown in a table). Women who reported that their contractions never did become regular and 5 min or less apart (dysfunctional labor) were more likely to have been induced and to have cesarean delivery. Women who were induced were more likely to request cesarean during labor (7.1%) than those not induced, 3.4% (P < .0001) (not shown in a table), and those who requested cesarean during labor were more likely to undergo cesarean delivery (45.1%) than those who did not request cesarean during labor (23.8%) (P < .0001). In model 2 (Table 4) , the maternal characteristics most strongly associated with increased likelihood of cesarean delivery were short maternal stature, macrosomic fetus (>4000 g at birth), prepregnancy obesity, aged 30 or older, and weight gain beyond recommended Institute of Medicine guidelines. 25 In model 3, 4 of the 7 induction indications were significantly associated with increased risk of cesarean delivery-hypertension, other maternal medical conditions, hydramnios or oligohydramnios, and late term and postterm pregnancy. In model 4, all 7 intrapartum factors remained significantly associated with increased risk of cesarean delivery after controlling for the maternal characteristics, induction indications, and the other intrapartum factors. The most significant intrapartum factors were dystocia, cervical dilatation, and fetal intolerance of labor. In model 4, the women who were augmented were significantly less likely to deliver by cesarean than women not augmented. Both use of epidural analgesia and maternal request of cesarean delivery during labor remained significantly associated with increased likelihood of cesarean delivery, even after controlling for the maternal characteristics, indications for induction, and intrapartum factors. The unadjusted odds ratio for the association of labor induction with cesarean delivery was 2. The overall pseudo R 2 in model 4 was 0.33. The maternal characteristics, indications for induction, and intrapartum factors together explained 94.5% of the unadjusted OR. The maternal characteristics contributed 11.6%; the induction indications, 6.2%; and the intrapartum (mediating) factors, 76.7%. The intrapartum factors with the most explanatory power were <3 centimeters of cervical dilation at hospital admission (which contributed 34.4%), dystocia (23.8%), and fetal intolerance of labor (6.0%) (results in this paragraph not shown in a table). Thus, <3 centimeters cervical dilation at hospital admission was the single most powerful mediator of the association between labor induction and subsequent cesarean delivery.
| DISCUSSION
Women in this study who underwent labor induction had a higher risk of unplanned cesarean delivery in comparison to those who began labor spontaneously, consistent with findings from similar studies. [9] [10] [11] [12] [13] [14] [15] This study added the important finding that indications for labor induction played only a small role in the increased risk of cesarean delivery after labor induction. Rather most of the increase (more than threequarters) was because of intrapartum factors, including the lower cervical dilatation at hospital admission among women Model 2 includes labor induction and all maternal characteristics seen in Table 4 . Model 3 includes labor induction, all maternal characteristics seen in Table 4 , and all indications for labor induction seen in Table 4 . Model 4 includes labor induction, all maternal characteristics seen in Table 4 , all indications for labor induction seen in Table 4 , and all mediating factors seen in whose labor was induced, and the events that followed labor induction-including higher rates of dystocia, use of epidural analgesia, fetal intolerance of labor, and maternal request of cesarean during labor among women undergoing labor induction. These findings are concordant with previous studies comparing labor induction to spontaneous labor, and explain why these studies generally report similar cesarean rates among induced women with and without medical indications. 9, 13 In our study, about a fifth of the women presenting for labor induction (20.27%) reported that they were ≥3 centimeters dilated at hospital admission. Previous studies have reported rates of cervical dilatation of ≥3 centimeters among nulliparous women presenting for labor induction ranging from 7.8% to 50.0%, 12, [32] [33] [34] and found, as we did, that women undergoing labor induction with an "unfavorable cervix" were at increased risk for cesarean delivery. Another key finding is that a large portion of the women with one or more indications for labor induction (44.7%) were not induced. Even among the women with two or more indications for labor induction only 65.0% were induced. If all of the women with a medical indication for labor induction had been induced, 70.3% of the 2851 women would have been induced, rather than the actual rate of 34.3%. One potential explanation is variation in provider willingness to recommend labor induction. Previous studies have found large variation in rates of labor induction across providers and hospitals, even after controlling for labor induction risk factors. [35] [36] [37] Although it is likely that variation in labor induction rates reflect differences in hospital policies, condition severity, fear of malpractice, provider training, and patient preference, it also likely reflects provider uncertainty as to when it is appropriate to recommend labor induction 38 or variation in clincal judgement as to the necessity of labor induction in specific circumstances. The guidelines published by the American Congress of Obstetricians and Gynecologists on induction of labor 26 describe the labor induction indications as "not absolute" and suggest that the provider take into account other factors, such as maternal and fetal conditions, gestational age, and cervical status.
| Strengths and limitations of the study
The major strength of this study is the use of mediation analysis to investigate the labor induction-cesarean delivery association. Mediation methodology provides a mechanism to measure the effects of multiple mediators individually and combined, and to determine which factors are most influential in terms of the difference between the unadjusted and adjusted odds ratios, by way of decomposition analysis. 20 Several limitations must also be considered. First, the study participants were more educated, more likely to be married, more likely to be white, and more likely to have private insurance than women aged 18-35 delivering their first child in the state of Pennsylvania as a whole, although they were not significantly different in mode of delivery. 23 Second, the First Baby Study did not include women over the age of 35 at the time of study recruitment because the primary goal of the study was to investigate the association between cesarean delivery and subsequent fertility. Third, there were likely differences between the women who were induced and those who began labor spontaneously, despite controlling for most known confounding factors. We were not able to abstract the medical records and therefore were not able to obtain data on Bishop score, length of time in labor after hospital admission, cervical dilatation at the beginning of epidural administration, maternal reported pain scores during labor, and other factors that might have served as additional intrapartum factors. Several of our key intrapartum variables were self-reported and subject to recall bias, including cervical dilatation at hospital admission. Nonetheless, these variables were strongly predictive of cesarean delivery and explained a relatively large portion of the association between labor induction and cesarean delivery, indicating that self-report of these variables was likely reasonably accurate.
| CONCLUSIONS
This prospective, cohort interview study adds to a growing body of evidence that nulliparous women who are induced are more likely to undergo unplanned cesarean delivery, in comparison to women who begin labor spontaneously. The increased risk of cesarean delivery is primarily explained by lower cervical dilatation among women who present for labor induction and secondarily by higher rates of intrapartum complications-including dysfunctional labor, fetal intolerance of labor, dystocia, and maternal request of cesarean during labor.
